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SECTION  I 
INTRODUCTION 

The  earliest  studies  of  canopy  stresses  have  been  summarized 
by  Jones  in  1923  (Reference  1).  Since  that  time,  various  analytical 
methods  of  calculating  canopy  stresses  have  been  proposed  (Refer- 
ences 2-9) • These  analytical  studies  of  parachute  stresses  were 
primarily  concerned  with  the  steady-state  phase,  during  which  the 
drag  of  the  parachute  equals  the  suspended  weight.  Newer  studies 
pursue  numerical  solutions  for  cloth  stresses  during  the  period  of 
canopy  inflation  (References  10-20) . The  great  disadvantages  of  all 
theoretical  attempts  of  determining  canopy  stresses  is  that  the 
actual  stress  distribution  across  the  canopy  is  still  unknown.  These 
attempts  have  not  been  experimentally  confirmed  primarily  due  to  the 
nonavailability  of  a stress  sensing  method  or  device  which  would 
yield  accurate  results. 

Direct  measurement  of  canopy  stresses  utilizing  a stress  sen- 
sing device  has  been  recently  attempted  (References  21-25) . One 
such  study  was  conducted  by  the  University  of  Minnesota,  in  which  an 
omega  sensor  was  developed  and  tested.  This  sensor  measures  stress 
values  at  the  point  of  application  on  the  canopy. 

This  report  documents  the  experimental  results  of  measurements 
of  the  canopy  stresses  by  an  omega  sensor  across  a model  ringslot 
parachute  during  steady-state  and  during  opening  under  infinite  mass 
conditions  in  a series  of  wind  tunnel  tests. 


1 


The  objective  of  this  report  was  to  obtain  empirical  stress 
measurement  values. 


1.  Ringslot  Parachute  Model 

The  investigation  was  performed  on  a five  (5)  foot  nominal  di- 
ameter ringslot  parachute  model.  The  model  parachute  was  fabricated 
with  thirty-two  (32)  gores  and  with  16  percent  geometric  porosity. 

The  cloth  material  used  in  the  fabrication  of  the  canopy  was  of 
block  construction  with  the  fill  and  warp  threads  oriented  as  shown 
in  Figure  1.  The  gores  were  constructed  with  ten  (10)  cloth  rings 
and  four  (4)  vertical  ribbons  per  gore.  The  gores  were  formed  by 
cutting  slots  out  of  a solid  piece  of  cloth  by  means  of  a hot  knife, 
thus  creating  the  rings  and  ribbons  of  the  chute.  The  parachute 
contained  thirty-two  (32)  suspension  lines  five  (5)  feet  in  length. 
The  suspension  lines  were  continuous  over  the  canopy  and  terminated 
in  four  (4)  loops  which  were  required  for  the  suspension  of  the 
model  in  the  vertical  wind  tunnel.  The  lines  were  sewn  to  the  can- 
opy radial  seams  by  zig-zag  stitches.  The  parachute  contained  no 
pocket  bands. 

Five  (5)  Omega  sensors  were  attached  to  the  canopy  at  S*  = 

0.20,  0.39,  0.58,  0.77,  and  0.96  as  shown  in  Figure  2.  These  sensor 
locations  correspond  to  the  middle  of  every  other  ring  on  gores  8, 

15,  19,  28,  and  32. 

Each  Omega  sensor  has  three  electrical  leads  which  were  routed 
across  the  canopy  to  the  three  nearest  suspension  lines  (Figure  3) . 


Firure  2.  Omega  Sensors  Orientation  on  Canopy. 
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The  wires  then  weave  in  and  out  of  the  suspension  lines  until  they 
reach  the  four  loops  where  they  are  connected  to  cables  leading  to 
the  oscilloscope.  The  weaving  of  the  wires  was  done  to  minimize 
the  probability  of  the  wires  breaking  -nen  the  lines  were  pulled 
taut . 

The  type  of  wire  used  as  the  electrical  leads  from  the  Omega 
sensor  caused  difficulties  to  the  test  program  due  to  inner  break- 
ing of  the  wires  when  the  suspension  lines  were  pulled  taut.  When 
breakage  was  detected,  these  plastic  covered  wires  were  replaced 
with  teflon  coated  wires  with  a higher  strength  insulation. 

2 . OMEGA  Sensor 

The  Omega  sensor  was  developed  for  measuring  stress  in  textile 
and  other  flexible  materials.  In  earlier  studies,  it  was  found  that 
circumferential  stresses  indicated  by  Omega  sensors  of  inflated  para- 
chute canopies  agreed  with  theoretically  predicted  stresses  (Refer- 
ence 21)  and  therefore,  the  sensor  was  useful  in  measuring  the  can- 
opy stresses  under  steady  state  conditions.  It  was  also  determined 
that  the  stresses  indicated  by  the  Omega  sensor  were  not  affected 
by  dynamic  loading  and  therefore  were  useful  for  stress  measurement 
during  a parachute  deployment,  inf lation, and  descent  (Reference  27). 

The  original  Omega  sensor  of  Reference  21  is  shown  in  Figure 
4.  Modifications  to  the  original  sensor  design  were  necessary  due 
to  complications  of  the  tabs  tearing  during  preliminary  testing. 

While  statically  loading  an  Omega  sensor,  the  tabs,  which  were  bonded 
to  the  inside  of  the  curved  beam,  were  tearing  along  the  edge  of  the 
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slot  (Figure  5).  Tearing  occurred  several  times  to  different  sen- 
sors and  it  became  apparent  that  the  tear  began  at  the  sharp  corner 
of  the  slot  and  continued  along  the  slot's  edge.  The  cause  seemed 
to  be  due  to  the  sharp  corner  and  the  adhesive  used  in  bonding  the 
tabs  to  the  sensor  and  the  canopy.  The  adhesive  had  caused  the  tabs 
to  become  rigid  and  brittle.  The  sharp  corner  and  the  adhesive  re- 
sulted in  the  tabs  becoming  susceptible  to  damage. 

To  correct  this , all  the  sensors  were  removed  from  the  canopy 
and  their  tabs  detached.  The  sharp  edges  along  the  slot  were  filed 
smooth  and  the  corners  blunted.  New  cloth  tabs  were  attached  to  the 
sensor  identical  to  the  original  ones. 

A clear  silicone  glue  and  seal  adhesive  made  by  General  Elec- 
tric was  used  to  bond  the  new  tabs  to  the  sensor  and  to  the  para- 
chute canopy.  This  adhesive  proved  to  be  sufficient  as  a flexible 
hinge,  as  was  needed.  Figure  6 shows  the  modifications  made  to  the 
sensor  which  were  needed  to  meet  this  program's  requirements. 

A small  slit  was  cut  in  the  cloth  just  beneath  the  slot  in  the 
Omega  sensor  to  minimize  possible  cloth  stress  bypassing  the  sen- 
sor (Figure  7).  The  slit  was  .3  inches  long  and  0.5  inches  wide  and 
was  cut  by  a hot  knife. 

Each  Omega  sensor  was  individually  calibrated  off  the  canopy 
cloth.  The  calibration  of  the  sensors  consisted  of  rigidly  clamping 
one  sensor  tab,  while  the  other  cloth  tab  was  loaded  with  varying 
weights  (static  loading) . The  actual  stress  applied  to  the  cloth 
tab  was  the  total  load  of  the  weights  and  the  clamp  divided  by  the 
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STRAIN  GAGES 


Figure  5 . 


Original  Omega  Sensors  with  Tabs. 


width  of  the  clamp  (.25  inches).  Each  sensor  exhibited  a linear 
calibration  curve.  These  off  the  canopy  calibrations  agreed  with 
the  University  of  Minnesota's  off  the  canopy  calibrations.  The 
represented  calibration's  curves,  applied  stress  versus  galvanometer 
deflection,  are  presented  in  Figure  8. 

A calibration  program  of  the  Omega  sensors  on  the  canopy  was 
attempted  to  determine  if  any  damage  had  occurred  when  mounting  the 
sensors  to  the  canopy  and  also  to  determine  if  any  stress  concen- 
trations existed.  However,  no  satisfactory  technique  could  be 
reached  for  obtaining  reliable  on  the  canopy  calibrations.  The  re- 
sults obtained  from  the  on  the  canopy  calibrations  did  not  agree 
with  our  off  the  canopy  calibrations  or  the  University  of  Minnesota's 
on  and  off  the  canopy  calibrations.  A test  program,  as  described 
in  Appendix  A,  was  then  conducted  to  test  the  effects  of  clamp  width 
and  clamp  distance  from  the  sensor  on  the  calibration  process.  The 
results  are  shown  in  Figure  9 and  Figure  10.  Figure  9 shows  for  a 
fixed  distance  away  from  the  Omega  sensor,  the  sensitivity  increases 
from  the  smallest  clamp  to  the  largest  clamp.  Figure  10  shows  for 
a fixed  clamp  width,  the  closer  the  clamp  gets  to  the  sensor,  the 
more  sensitive  the  sensor  is.  The  effects  of  clamp  width  and  of  dis- 
tance from  clamp  to  sensor  must  be  taken  into  consideration  when 
making  calibrations.  These  effects  are  explained  more  completely 
in  Appendix  A. 


1.2  1.6  2.0  2.4  2.8  3.2  3.6  4.0 

DEFLECTION  (INCHES) 

Figure  8.  Onega  Sensor  Calibration  Curve. 


SECTION  III 
INSTRUMENTATION 

The  complete  deployment  process  was  photographed  by  two  high- 
speed cameras  at  200  frames  per  second.  One  camera  was  located 
along  the  centerline  of  the  chute  looking  into  the  opening  canopy. 
The  second  camera  was  positioned  so  it  recorded  from  the  side  of  the 
parachute.  From  the  photographic  coverage,  full  open,  projected 
diameters  and  projected  canopy  areas  were  obtained.  The  circuitry 
used  for  recording  the  Omega  sensor  output  is  shown  in  Figure  11. 
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y for  Recording  Omega  Sensor  Output. 


SECTION  IV 
TEST  PROCEDURE 

All  experimental  investigations  were  performed  in  the  ]2-ft 
low-speed  Vertical  Wind  Tunnel  of  the  Air  Force  Flight  Dynamics 
Laboratory  at  Wright-Patterson  Air  Force  Base,  Ohio,  Figure  12. 

A schematic  presentation  and  a test  section  installation  photo- 
graph of  the  test  arrangement  used  for  deployment  of  the  model 
parachute  is  shown  in  Figures  13  and  14,  respectively.  The  rod 
(Figure  13)  on  which  the  model  parachute  was  mounted  is  part  of  the 
added  mass  test  fixture  (Reference  28)  of  the  wind  tunnel.  The  con- 
fluence points  of  the  parachute  suspension  lines  were  attached  to 
the  force  cell  of  the  test  fixture  and  used  to  measu*e  and  record 
the  loads  of  the  chute  during  inflation.  The  rod  of  the  fixture 
helped  to  restrain  the  chute  from  excessive  oscillatory  movement. 

The  parachute  deployment  release  mechanism  consisted  of  a burn 
wire  arrangement  shown  in  Figure  13.  The  burn  wire  mechanism  was  com- 
prised of  a power  supply  and  an  attachment  housing  a thin  wire.  The 
burn  wire  attachment  was  located  on  the  rod,  six  inches  above  the 
vent  of  the  chute.  An  elastic  cord  extended  down  from  a gui-j?  wire 
with  a string  and  two  pins,  a foot  apart,  attached  to  it. 
elastic  cord  was  pulled  taut  and  at  that  place  hooked  t.>  thin 
wire  attachment  by  the  first  pin  on  the  string.  The  second  pin  was 
then  placed  into  the  strap  of  the  plastic  constraint  clamping  it 
together. 
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Figure  13.  Schematic  of  Deployment  Test  Arrangement 


The  teat  began  by  setting  the  particular  tunnel  velocity  needed 
for  the  test.  Next,  the  deployment  process  began  by  activating  the 
electronic  timer  which  started  the  cameras  and  recording  instruments 
and  then  after  a short  interim  period  (1.5  sec)  the  activation  of 
the  bum  wire  mechanism  took  place.  This  consisted  of  exciting  the 
power  supply  which  sent  current  to  the  wire  attachment  on  the  rod, 
burning  the  wire  in  two.  This  released  the  first  pin  which  was 
immediately  pulled  upward  by  the  taut  elastic  cord,  likewise  pulling 
the  second  pin  from  the  strap  clamping  the  chute,  giving  it  freedom 
to  be  carried  away  by  the  air  flow.  The  chute  is  then  free  to  in- 
flate (Figures  15-18) . 

The  canopy  stresses  and  the  total  force  values  were  measured 
and  recorded  during  thirty-eight  (38)  different  deployment  tests. 
Eight  (8)  of  these  tests  were  ruined  due  to  camera  malfunctions  or 
visicorder  malfunctions.  At  least  four  separate  test6  were  conduc- 
ted for  each  test  condition.  The  tests  were  conducted  at  test  con- 
ditions of  q (dynamic  pressure  - inches  of  water)  = 0.4,  0.8,  1.2, 
1.6,  and  2.0. 


1.  Canopy  Stress  Measurement 

A reproduction  of  an  actual  oscillograph  record  obtained  from 
the  deployment  tests  is  shown  in  Figure  19.  The  oscillograph  rec- 
ord represents  the  registration  obtained  on  a five  (5)  foot  nominal 
diameter  ringslot  model  parachute  during  a test  run  conducted  at  a 
deployment  condition  of  84  ft/sec.  The  relationship  between  "q" 
and  velocity  (ft/sec)  is  V(fps)  = 66.119  /q  (in.  1^0) . The  start  on 
the  oscillograph  record  represents  the  point  of  time  at  which  the 
plastic  wrap  is  released  and  the  deployment  process  begins. 

As  the  oscillograph  recording  illustrates,  some  stress  fluc- 
tuations occurred  during  the  unsteady  period  (canopy  inflation)  due 
to  the  unsteady  movement  of  the  canopy  material.  During  the  steady 
state  period  (canopy  fully  inflated)  the  stress  also  fluctuated  due 
to  the  flow  conditions.  The  determination  of  mean  steady  state 
values  was  not  obtained  at  the  end  of  the  deployment  process  due  to 
the  actual  steady  state  conditions  not  being  reached  immediately 
after  canopy  inflation,  but  several  seconds  later.  To  avoid  lead 
breakage  and  other  damages  to  the  Omega  sensors,  especially  at  high 
deployment  velocities,  the  wind  tunnel  was  shut  down  immediately 
after  canopy  filling  was  complete.  Steady  state  values  were  obtained 
from  a test  program  in  which  readings  were  taken  for  at  least  five 
(5)  seconds  per  test  and  at  least  two  tests  per  test  condition  per- 
formed. The  reproducibility  of  the  two  measurements  made  at  any  one 
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test  condition  were  very  good.  The  steady  state  mean  values  are 
presented  in  Table  I. 

From  oscillograph  records  like  the  one.  shown,  and  from  the  sen- 
sors calibration  curves,  the  stress  in  the  canopy  was  obtained. 

These  measured  stresses  on  the  surface  of  the  canopy  were  plotted 


as  a function  of  nondimensionalized  time  = T in  Appendix  B. 


For  comparative  purposes,  the  stress  values  at  each  location  on  the 
canopy  were  also  nondimensionalized  a/a  FMAX  = hM.  This  was  essen- 
tial owing  to  the  off  the  canopy  calibrations,  instead  of  on  the 
canopy  calibration  of  the  sensors  as  was  needed,  and  therefore  pre- 
vents the  presenting  of  untrue  stress  magnitudes. 

A compilation  of  all  maximum  nondimensioned  stress  values,  non- 
diraensionalized  time  of  the  maximum  stresses,  maximum  force  and  the 
actual  time  of  this  force  are  presented  in  Table  II.  Table  II  rep- 
resents the  collection  of  all  the  stress  measurement  information 
for  each  of  the  five  (5)  sensor  locations  on  the  ringslot  canopy, 
for  the  five  (5)  deployment  speed  conditions,  q.  A condensed  ver- 
sion of  Table  II  is  presented  in  Table  III  where  the  mean  and  stan- 
dard deviations  are  computed  for  the  individual  deployment  velocities. 
According  to  Table  III,  the  general  stress  trends  at  the  different 
deployment  velocities  were  equivalent  and  are  therefore  summarized 
in  Table  IV.  In  general,  the  stress  peak  occurs  slightly  prior  to 
the  time  at  which  the  canopy  reaches  its  fully  inflated  shape  for 
the  first  time.  The  last  peak  in  the  skirt  area  occurs  at  almost 
exactly  the  time  at  which  the  canopy  is  fully  inflated.  The  peak 
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separation  time  between  each  sensor  was  approximately  1/10  of  a sec- 
ond or  more.  There  was  no  significant  difference  in  stress  magni- 
tudes between  the  low  and  high  deployment  velocities. 

Absolute  filling  times  of  the  canopy  decreased  with  increasing 
deployment  velocity.  The  relationship  between  projected  canopy  area 
growth  ratio,  SP/SPFO,  as  a function  of  nondimensional  time  is 
shown  in  Appendix  C for  each  of  the  test  conditions.  The  figures 
illustrate  a gradual  and  fairly  smooth  canopy  area  growth.  When  ex- 
amining the  curves  for  each  of  the  test  conditions,  there  are  no  dif- 
ferences. The  five  deployment  velocities  exhibit  the  exact  trend 
in  the  area  growth  pattern. 

On  the  ringslot  model  parachute,  the  maximum  stress  at  the  vent 
area  occurs  definitely  before  the  maximum  force  occurs,  while  fur- 
ther toward  the  skirt  the  time  ratio  approaches  unity,  "T"  = 1.0. 

The  total  parachute  force  reaches  its  maximum  value  at  the  time  of 
canopy  full  open.  As  is  intuitively  obvious,  the  total  force  of  the 
parachute  increases  with  increasing  velocities.  A presentation  of 
the  - al  parachute  force  versus  time  relationships  for  each  test 
cona.._ion  is  included  in  Appendix  D. 
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SECTION  VI 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  stress  distribution  over  the  surface  of  a ringslot  model 
parachute  during  the  period  of  inflation  and  steady  state  was  ex- 
perimentally determined  for  the  infinite  mass  operating  condition 
during  low  speed  wing  tunnel  tests.  The  area  growth  of  the  ringslot 
parachute  during  inflation  was  also  determined. 

The  results  are  presented  in  detail  and  provide  for  the  first 
time  actual  measurement  of  circumferential  stresses  on  the  surface 
of  a model  ringslot  parachute.  These  results,  however,  can  only 
present  the  general  trend  shown  in  thu  parachute's  stress  distribu- 
tion and  not  actual  stress  values  due  to  the  manner  of  sensor  cali- 
bration as  mentioned  earlier. 

The  general  trend  presented  in  this  report  was  that  the  high 
stress  concentrations  during  canopy  inflation  began  early  in  the 
vent  area  and  occur  later  at  the  skirt  almost  at  the  time  of  full- 
open.  The  canopy  experienced  low  levels  of  circumferential  stress 
at  the  middle  and  skirt  sections  of  the  canopy  during  inflation  and 
at  steady  state. 

Under  steady  state  conditions,  the  model  parachute  experiences 
the  same  stress  distribution  trend  as  during  inflation.  That  is,  the 
stress  concentration  is  highest  in  the  vent  area  and  lower  in  the 
middle  and  skirt  regions. 

This  test  program  was  entirely  exploratory  and  unfortunately, 
the  scope  of  the  study  was  limited  by  time.  Therefore,  recommen- 
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dations  are  presented  for  further  investigations  in  this  area  of 
study. 

Along  with  the  modifications  of  the  Omega  sensor,  already  men- 
tioned, each  of  the  sensor’s  electrical  leads  weaving  through  the 
suspension  lines  should  be  replaced  with  a higher  strength  insul- 
ation wire.  This  would  eliminate  inner  breakage  of  the  wire  as  was 
the  case  in  this  test  program, producing  unreasonable  data. 

Due  to  the  findings  of  the  fill  strip  tests,  no  satisfactory 
technique  could  oe  found  to  calibrate  the  Omega  sensors  mounted  to 
the  parachute’s  canopy.  It  is  essential  that  a method  be  determined 
and  used  in  future  studies.  In  future  programs,  it  is  suggested 
that  the  Omega  sensors  be  bonded  to  the  inside  of  the  canopy  in  the 
same  manner  as  previously  discussed.  This  would  help  to  reduce  the 
possibility  of  damage  to  the  sensors  during  the  deployment  process. 
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APPENDIX  A 
FILL  STRIP  TESTS 

An  investigation  to  determine  the  significance  of  altering  the 
area  (width)  of  an  applied  load  and  also  altering  the  location  of 
this  load  to  the  stresses  measured  by  the  Omega  sensor  was  deemed 
important  due  to  the  manner  in  which  an  Omega  sensor  measures  stress 
while  mounted  on  the  canopy.  Therefore,  an  experiemental  test  pro- 
gram was  designed  to  look  at  this  problem.  A static  loading  test 
program  was  conducted  on  a nylon  cloth  strip  specimen  with  an  Omega 
sensor  mounted  on  it.  In  static  loading  a known  stress  is  applied 
and  the  related  electrical  output  recorded.  The  relationship  be- 
tween applied  load  and  electrical  output  establishes  the  static  cal- 
ibration. 

Tests  were  conducted  with  a fill  strip  specimen  with  an  Omega 
sensor  mounted  on  it  (Figure  A-l) . The  Omega  sensor  was  attached 
in  the  fill  direction  of  the  cloth  corresponding  to  the  sensor  attach- 
ment on  the  fill  of  the  model  parachute.  A small  (. 3-inch)  slit  was 
cut  in  the  cloth  beneath  the  slot  in  the  Omega  sensor  for  reasons 
previously  mentioned. 

A schematic  presentation  of  the  test  arrangement  is  given  in 
Figure  A-2.  A test  of  a strip  specimen  consisted  of  first  clamping 
both  ends  of  the  strip  specimen  with  the  grips  and  suspending  the 
cloth  strip  from  a bending  link.  Then  various  weights  were  suspen- 
ded from  the  cloth  specimen  to  provide  stress  values  and  the  elec- 
trical output  of  the  sensor  was  recorded  on  a Honeywell  visicorder. 


, 
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Figure  A-l.  Fill  Strip  Specimen 
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Two  separate  measurements  ware  made  for  each  load  condition  in 
order  to  determine  the  repeatability  of  the  measurements  and  obtain 
valid  average  data. 

A total  of  twenty-seven  (27)  tests  were  performed  on  the  fill 
strip  specimen. 

Two  supplementary  tests  were  performed  using  two  one-fourth 
(1/4-inch  wide  clothes  pins  as  grips).  One  test  was  conducted  with 
the  clothes  pins  clamped  approximately  one-half  (1/2) -inch  from  the 
Omega  sensor  and  the  next  test  the  clothes  pins  were  attached  di- 
rectly to  the  sensor’s  tabs  (approximately  3/8-inch). 

These  supplementary  tests  were  conducted  in  order  to  validate 
the  use  of  clothes  pins  as  grips  whea  calibrating,  the  Omega  sensors. 
Clothes  pins  were  chosen  for  their  convenience  of  gripping  the  cloth 
material  firmly  without  damping  it. 

The  oscillograms  were  transferred  into  applied  stress  versus 
galvanometer  deflection  diagrams  as  shown  in  - Igures  A-3  to  A-9. 
These  curves  were  linear  and  forced  to  pass  through  the  origin. 
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DEFLECTION  (INCHES) 

Figure  A-4.  Two  (2)  Inch  Plates  at  Varying  Distances. 


DEFLECTION  (INCHES) 


TEST  ARTICLES 

A.  OMEGA  SENSOR 

The  design  of  the  Omega  sensors  used  in  these  tests  were  de- 
scribed in  the  Test  Articles  Section. 

B.  NYLON  CLOTH  STRIP  SPECIMEN 

The  investigation  was  performed  on  a 2.5-inch  wide  by  12-inch 

2 

long  raveled  strip  specimen  of  MIL-C-7020,  Type  I,  1.1  oz/yd  rip- 
stop  nylon  cloth,  the  same  type  of  cloth  used  in  the  fabrication  of 
the  model  ringslot  parachute  canopy. 


GRIPS 

To  ensure  a uniform  load  distribution  which  is  applied  to  the 
cloth  specimen,  the  cloth  grips  were  half  coated  with  rubber.  The 
cloth  was  sandwiched  between  the  rubber  section  of  two  plates  and 
clamped  together  by  a screw  which  was  inserted  through  the  cloth 
and  both  plates.  A small  hole  had  to  be  burned  through  the  cloth 
to  allow  the  screw  to  pass  through  it.  When  tightened,  this  proved 
to  give  a very  sturdy  hold  on  the  cloth. 

A plate  adaptor  was  inserted  between  the  upper  portion  of  the 
two  plates  holding  the  cloth  and  used  to  hand  the  various  weights 
from. 

Therefore,  the  stress  applied  to  the  cloth  strip  is  actually 
the  total  load  of  the  2 plates,  2 screws,  2 nuts,  2 plate  adaptors, 
and  the  particular  applied  weight  divided  by  the  width  of  the  grips. 

INSTRUMENTATION 

The  cloth  strip  was  suspended  from  a 40-lb  capacity  bending 
link  which  measured  the  force  created  by  the  applied  load  to  the 
specimen. 

The  wiring  diagram  of  the  test  arrangement  recording  instru- 
ments is  shown  in  Figure  11. 
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RESULTS 

Analyzing  these  diagrams,  three  general  statements  may  be  made: 

1.  The  reproducibility  of  the  two  measurements  made  at  any 
one  test  condition  was  relatively  good,  This  applies  in  particular 
to  the  test  points  measured  after  the  initial  load  had  been  applied. 
The  little  deviations  that  did  occur  were  attributed  to  the  stretch- 
ing of  the  nylon  material;  this  was  not  significant  and  therefore 
neglected. 

2.  The  comparison  of  the  two  tests  conducted  with  different 
Omega  sensors,  but  tested  at  the  same  test  condition  was  relatively 
good.  Therefore,  since  no  significant  deviation  occurred,  the  re- 
sults of  only  one  measurement  for  each  clamp  width  is  included  in 
this  report. 

3.  As  the  diagrams  illustrate,  the  larger  the  clamps  and  also 
the  closer  the  clamps  were  to  the  sensor  the  more  sensitive  the  Omega 
sensor. 

These  results  are  demonstrated  in  particular  in  Figures  8 and  9. 
In  Figure  8 (3-inches  from  Omega  sensor)  the  varying  clamps  are  lo- 
cated three- inches  from  the  Omega  sensor.  It  is  shown  that  at  a 
particular  applied  stress  of  2.0  Ib/in  that  the  smaller  clamp  (1/4- 
inch  in  width)  produces  0.86-inches  of  deflection  where  the  largest 
clamps  (2-inches  in  width)  measures  2.69-inches  of  deflection,  which 
is  a considerable  difference.  Notice  the  order  of  increasing  sen- 
sitivity of  the  sensor  from  the  smallest  clamps  to  the  largest  clamps. 

Figure  9 (1/4-inch  clamps)  indicates  the  relationship  of  sensor 


sensitivity  to  the  location  of  the  applied  load.  In  this  case, 
the  1/4-inch  clamps  were  tested  at  various  locations  on  the  cloth 
specimen.  Once  again,  when  examining  a particular  applied  stress, 
it  is  shown  that  the  further  away  from  the  sensor,  the  lower  the 
deflection  measured.  Therefore,  the  sensor  is  more  sensitive  the 
closer  the  load  is  applied  to  the  sensor. 

As  the  figures  show,  the  results  of  the  two  (2)-inch  clamps, 
located  six  (6)-inches  from  the  Omega  sensor,  agreed  identically 
with  the  off  the  cloth  calibrations  where  the  loads  were  applied 
directly  to  the  tabs  of  the  sensor.  This  was  due  to  the  boundary 
restrictions  of  the  cloth  strip,  reducing  the  spreading  of  stress 
and  creating  a uniform  stress  distribution  throughout  the  cloth 
strip.  The  Omega  sensor  was  then  capable  of  measuring  all  of  the 
stress  that  was  applied.  The  same  ideal  situation  should  occur  with 
the  smaller  clamps  (Figure  A-10)  ; however,  that  was  not  the  case. 
Instead  the  stress  was  shown  spreading  to  the  outer  boundaries  of 
the  cloth  strip  allowing  the  cloth  material  to  carry  some  of  the 
applied  stress^ causing  the  sensor  to  measure  a smaller  stress  mag- 
nitude (Figure  A-li) . 

It  was  also  observed  that  the  closer  the  two  (2)-inch  clamps 
were  located  relative  to  the  sensor  the  greater  the  sensitivity. 

Cn  occasion,  more  stress  was  indicated  than  had  been  applied.  It 
was  also  noted  that  two  (2)-inch  clamps  induce  uniform  load  distri- 
bution in  the  cloth  sample  and  the  Omega  senscr  carries  a higher 
percentage  of  the  load  when  the  cloth  is  uniformly  loaded.  However, 
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STRESS  VS  NON-DIMENSIONAL  TIME 
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